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(54) ALUMINUM ALLOY CLAD MATERIAL FOR HEAT EXCHANGER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aluminum alloy clad material for heat exchanger, 
improved in corrosion resistance to a greater extent. 

SOLUTION: This aluminum alloy clad material for heat exchanger has a core material having a 
composition consisting of, by weight, 0.3-1.2% Si, 0.3-1.0%, Cu, 0.5-2.0% Mn, 0.05-0.5% Mg, and the 
balance Al with inevitable impurities. Further, one side of this core material is clad with a sacrificial 
anode material composed of an Al alloy which has a composition consisting of, by weight, >2.0-6.0% 
Zn, 0.2-2.0% Mn, and the balance Al with inevitable impurities and in which corrosion current value is 
regulated to <40 ^iA/cm2 by incorporating an Al-Mn intermetallic compound of 0.1-0.8 ym average 
grain size at >2.0x 109 pieces/mm3 number density, and the other side is clad with a brazing filler metal 
of an Al-Si alloy containing prescribed amounts of Si. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Si 0.3 - 1.2%, Cu 0.3 - 1.0%, 0.5 - 2.0% of Mn, Mg The core material which contains 0.05 - 
0.5% and consists of the remainder aluminum and an unescapable impurity, To each of the one side, it is 
Zn 0.2-2.0% (% shows weight % above.). 2.0% is exceeded and they are 6.0% or less and Mn. It 
contains and they are Remainder aluminum and aluminum alloy which consists of an unescapable 
impurity in addition to this. And it is number density 2.0x109 about the aluminum-Mn system 
intermetallic compound whose mean particle diameter is 0.1-0.8 micrometers. An individual / mm3 
Sacrificial anode material which consists of an aluminum alloy contained above, Aluminium alloy 
composite for heat exchangers characterized by coming to carry out the clad of the wax material of the 
aluminum-Si system alloy containing Si of the specified quantity. 

[Claim 2] The corrosion current value of said sacrificial anode material is 40microA/cm2. Aluminium 
alloy composite for heat exchangers according to claim 1 characterized by being the following. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to aluminum alloy composite of a three-tiered structure 
suitable as an ingredient of tube tubing which forms the refrigerant path of the heat exchanger which 
would stretch in more detail and was formed of law about aluminum alloy composite of the thin meat 
used for the heat exchanger for automobiles etc. 

[0002] , , £ , . 

[Description of the Prior Art] One example of the usual heat exchanger made from aluminum, tor 
example a radiator, is shown in (b) of drawing. .1 , and (b). As (b) of drawing 1 is a front view, (b) is the 
A-A line sectional view of (b) and it is shown in this drawing, this radiator arranges a fin 2 between the 
tube tubing 1 which lets a refrigerant pass, attaches the header plate 3 in the both ends of the tube tubing 
1 assembles a core 4 and comes to attach the resin tank 5 and 5' in the header plate 3 after soldering 
through packing 6. On a fin 2, in order to prevent pitting generating by the side of a refrigerant m tube 
tubing at a JIS3003 alloy presentation using the plate around 0.1mm in thickness which carried out 
extent addition of the Zn 1.5% (especially % that shows a presentation unless it refuses says weight % 
hereafter ) A brazing sheet with a thickness of 0.3-0.2mm which made the alloy which added Mg etc. 
sacrificial anode material, and carried out the clad to the JIS3003 alloy presentation inside the alloy core 
material which added Si, Cu, etc. (refrigerant side) at JIS7072 alloy or it is used. The brazing sheet of 
the same quality of the material as the tube tubing 1 with a thickness of 1 .0-1 .3mm is used for the header 

mOOs"] These brazing sheets are exposed to an about 580-610-degree C ambient atmosphere at the time 
of soldering heating, and this diffuses Zn in the above-mentioned sacrificial anode material in a core 
material Drawing 2 shows this condition and (b) of drawing 2 of (b) of drawing_2 is after soldenng 
before soldering.' s'ince this Zn diffusion layer carries out priority corrosion, pitting generated from a 
refrigerant side does not grow deeply, but takes a shallow large pitting gestalt, and comes to show long- 
term pitting-proof nature. An aluminum-Zn system, an aluminum-Zn-Mg system, or the alummum-Mg- 
In system sacrificial anode alloy itself has the description which takes a shallow large pitting gestalt 
(page foods), further, even after a core material is exposed, sacrificial anode material is preferentially 
coiroded by 'the potential difference of a core material and these sacrificial anode material, and it 
prevents the corrosion of a core material according to it. 

[00041 As such conventional aluminium alloy composite, Zn and Mn of the specified quantity are made 
to contain and the technique using sacrificial anode material is proposed in the aluminium alloy which 
improved reinforcement (JP,56-127194,A, 58-1 13367, etc.). However, Mn in sacrificial anode material 
is for making potential for the improvement in on the strength into **, and does not aim at corrosion 
resistance improvement. However, by one side of the board thickness reduction accompanying the latest 
liahtweight-izing with advanced features of a heat exchanger, the liquid rate of flow inside tube tubing 
is°very quick compared with the former, and corrosion prevention effectiveness sufficient in the above 
conventional sacrificial anode material is no longer acquired. That is, since a corrosion rate is increased 
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the more the more the liquid rate of flow inside tube tubing becomes quick, development of the 
aluminium alloy composite material which can respond to this and in which higher corrosion resistance 
(self-corrosion resistance or sacrifice anti-corrosiveness) is shown is demanded. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offenng the 
aluminium alloy composite for heat exchangers which raised corrosion resistance further. The purpose 
of this invention aims it still more detailed to let the liquid rate of flow provide a lifting with pile heat 
exchange dexterous aluminium alloy composite for an erosion corrosion phenomenon in the tube of a 
heat exchanger quicker than before in the refrigerant side environment of a tube inside. 
[0006] 

[Means for Solving the Problem] In order that this invention persons may solve the above-mentioned 
technical problem, as a result of repeating research wholeheartedly, after specifying Zn of sacrificial . 
anode material, and the amount of Mn By controlling the particle size of the aluminum-Mn system 
compound in sacrificial anode material, and distribution The corrosion current value accompanying a 
corrosion prevention operation of sacrificial anode material can be reduced, and this cannot cause 
erosion corrosion easily under the large environment of the rate of flow. The function of sacrificial 
anode material is maintained for a long period of time, it finds out raising corrosion resistance sharply 
and getting, research is further repeated in this knowledge, and it came to make this invention. That is, 
this invention is (1) Si. 0.3 - 1.2%, Cu 0.3 - 1.0%, Mn 0.5 - 2.0%, Mg The core material which contains 
0.05 - 0.5% and consists of the remainder aluminum and an unescapable impurity, Zn 2.0% is exceeded 
on each of the one side, and they are 6.0% or less and 0.2 - 2.0% (% shows weight % above.) of Mn. It 
contains and they are Remainder aluminum and aluminum alloy which consists of an unescapable 
impurity in addition to this. And it is number density 2.0x109 about the aluminum-Mn system 
intermetallic compound whose mean particle diameter is 0.1-0.8 micrometers. An individual / mm3 
Sacrificial anode material which consists of an aluminum alloy contained above, The aluminium alloy 
composite for heat exchangers characterized by coming to carry out the clad of the wax material of the 
aluminum-Si system alloy containing Si of the specified quantity, (2) the corrosion cunrent value of 
said sacrificial anode material - 40microA/cm2 The aluminium alloy composite for heat exchangers 
given in (1) term characterized by being the following is offered. [ and ] Suppressing low the corrosion 
dissolution (corrosion current) of sacrificial anode material according to this invention, the corrosion 
prevention of the core material is carried out efficiently, and erosion can be controlled. In this invention, 
by specifying the magnitude of the aluminum-Mn system compound in sacrificial anode material, and 
distribution, it is effective in reducing the corrosion current value of sacrificial anode material 
remarkably, and can be hard to cause erosion corrosion for the inside of a tube also under the large 
operating environment of the rate of flow of flowing fluid by this, the function of sacrificial anode 
material can be maintained for a long period of time, and corrosion resistance can be raised sharply. 
[0007] 

[Embodiment of the Invention] The sacrificial anode material used in this invention is excellent in a 
corrosion resistance (self-corrosion resistance and sacrifice anti-corrosiveness) operation. Zn in 
sacrificial anode material exceeds 2.0%, and may be 6.0% or less. Corrosive environment enlarges [ Zn ] 
the sacrifice corrosion prevention effectiveness enough also in any by the side of acidity or alkalinity. 
The addition of Zn cannot maintain sacrifice corrosion prevention ability in an acid environment 
especially at 2.0% or less. In exceeding 6.0%, there is a possibility that there may be a possibility that 
oxide film depressor effect and the sacrifice corrosion prevention ability maintenance effectiveness may 
fall sharply in an alkaline environment, and ingredient melting may occur near the interface of sacrificial 
anode material and a core material depending on the temperature at the time of soldering heating. Zn 
addition is 2.5% - 4.5% preferably. 

[0008] Mn may be 0.2 - 2.0%. Mn regulates aluminum-Mn system compound distribution, and acts on 
solution of the problem of erosion corrosion. Mn is because there is a possibility of causing the problem 
of a weld flaw (micro fissure) or a poor bending processing dimension, at less than 0.2% when the 
above-mentioned effectiveness is not fully demonstrated, but exceeds 2.0% and tube tubing is 
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manufactured by **** processing or bending soldering processing. In this invention, mean particle 
diameter of the aluminum-Mn system intermetallic compound in sacrifice material is set to 0.1-0.8 
micrometers, and it is that number density 2.0x1 09 An individual / mm3 Because this compound 
distribution out of range of the effectiveness which reduces the corrosion current accompanying the 
corrosion prevention of sacrificial anode material, and controls erosion corrosion is insufficient, it 
considers as the above. In this invention, by doing in this way, as mentioned above, a sacnfice material 
corrosion current value can be controlled more remarkably than the value of the conventional sacrificial 
anode material, and it can decrease. The electrochemistry measurement result of the sacrificial anode 
material of this invention is shown in drawing^ as a mimetic diagram. From drawing.3. , by controlling 
distribution of an aluminum-Mn compound in the range of this invention shows that the so-called 
corrosion current equivalent to the intersection of an anode curve and a cathode curve decreases 
remarkably The corrosion current value of sacrifice material is 40microA/cm2. If it is the following, the 
above-mentioned effectiveness will be demonstrated. A and B show the anode of the example of this 
invention and the conventional example, and the intersection of a cathode bipante polar curve among 
drawing 3 , respectively, and this invention has this intersection in left-hand side from a dotted line C 
(equivalent to 40micro A/cm2 of currents). 

[0009] Next the reason for a convention and the reason for limitation of the addition range of each 
element of a core material are explained. Si, Cu, and Mn dissolve in a matrix after soldering, and show 
the improvement operation in on the strength. Si may be 0.3 - 1 .2%. At less than 0.3%, the improvement 
effectiveness in on the strength does not have Si addition, and if 1.2% is exceeded, deep pitting by the 
simple substance Si will be caused. The addition of Si is 0.7 - 1 .0% preferably. 

[0010] Cu addition is made into 0.3 - 1.0%. At less than 0.3%, there is no improvement effectiveness in 
on the strength and since Cu will be mostly spread in a sacrificial anode material side if 1.0% is 
exceeded the function of sacrificial anode material will be spoiled. Moreover, there is a possibility of 
causing weld cracking at the time of**** processing. In addition, Cu addition is 0.4 - 0.8% preferably. 
Making Mn addition into 0.5 - 2.0% because the problem to which workability falls will occur, if there 
is no improvement effectiveness in on the strength and 2.0% is exceeded, it is 0.8 - 1.5% preferably at 

less than 0.5%. . . 

[001 1] Mg contributes a Mg2 Si compound to the improvement in on the strength by carrying out an 
a<rin° deposit with Si of a core material. At less than 0.05%, there is no effectiveness of the 
improvement in on the strength, Mg is spread on the wax material side front face which will exceed 
0 5% and carried out the clad to one side of a core material at the time of heating, and when flux is used, 
a possibility of it reacting with this, and I shining and generating a defect comes out. It may be 0.1 - 
0 3% preferably As wax material in this invention, there is especially no limit, for example, it can use 
JIS [ of an aluminum-Si system ]4343, and JIS4045 alloy, JIS4004 alloy, etc. 
[0012] Such heat exchanger aluminium alloy composite can be prepared as follows. Control oitne 
aluminum-Mn system intermetallic-compound distribution in sacrificial anode material is realizable by 
performing homogenization temperature before sacrificial anode material rolling at 420-520 degrees C. 
It is difficult to equalize an ingot organization at less than 420 degrees C. In carrying out exceeding 520 
degrees C big and rough-ization of a compound becomes active, and it becomes difficult to carry out 
distribution as the above-mentioned convention of this invention. The holding time in the above- 
mentioned temperature has 3 - 9 desirable hours. Not only the homogenization temperature of sacrificial 
anode material but a convention of the clad rolling initiation temperature which is a process after that is 
important, and clad temperature is good to carry out at 420-520 degrees C. There is a possibility that the 
phenomenon in which sacrificial anode material separates [ this temperature ] from a core material at 
less than 420 degrees C at the time of clad rolling may come out. Although there is no problem of poor 
clad sticking by pressure when carrying out exceeding 520 degrees C, it becomes difficult to satisfy 
compound distribution of the sacrificial anode material specified by this invention. In addition, cold 
rolling and especially intermediate-annealing conditions are not limited. 

j-00131 aluminum alloy composite of this invention can be used also for the header plate of a radiator 
besides radiator tube tubing, in addition if it is the same as that of the purpose of this invention, it can 
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fully be used also as the tube seat of what kind of member, for example, a heater core, or a DORON cup 
evaporator, and header tubing. In the aluminium alloy composite of this invention, although especially a 
limit does not have the rate of a clad of sacrificial anode material, 8 - 20% is desirable to all composite 
board thickness (by thickness), and 12 - 17% is more desirable. Moreover, the rate of a clad of wax 
material does not differ especially from the conventional thing, but is usually 8 - 12% preferably 5 to 
15% to all composites. Although the thickness of the heat exchanger aluminium alloy composite of this 
invention changes with classes of an application and heat exchanger etc., it is usually 0.2-0.4mm. 
[0014] 

[Example] Next, this invention is further explained to a detail based on an example. 
Metal mold casting cast ten kinds of combination alloys of the sacrificial anode material of a 
presentation, and a core material shown in example 1 table 1, sacrificial anode material homogenized 
after double-sided facing respectively on the conditions shown in Table 2, and 40mm was made to 5mm 
in thickness, and a core material only by facing with hot rolling. That is, it was made for the rate of a 
clad to the whole (for wax material to also be included) composite of sacrificial anode material to 
become 10%. In addition, comparison sample No.l 1 in Table 2 are completely the same as that of 
sample No.2 of this invention except having changed homogenization of sacrificial anode material like a 
notation in alloy No.2 of this invention. Using JIS4343 alloy, metal mold casting of the wax material 
was carried out like sacrificial anode material, and after facing, it performed hot rolling and was taken as 
5mm thickness. That is, the rate of a clad to the whole composite was made into 10%. Hot rolling was 
started on the conditions which show repeatedly three sheets, wax material, a core material, and 
sacrificial anode material, in Table 2 at this order, and it considered as the clad plate with a thickness of 
3.5mm of three layers. It considered as 0.29mm thickness with cold rolling after that, and intermediate 
annealing of 340 degree-Cx 2 hours was given, and, finally it cold-rolled to 0.25mm in thickness, and 
considered as the sample of H14 material. About aluminum-Mn system intermetallic-compound number 
density with a mean particle diameter [ in sacrificial anode material ] of 0.1-0.8 micrometers, the flake 
was perpendicularly cut [ samples / these ] down to the rolling direction by the precision cutter 
(microtome equipment), and it measured with the transmission electron microscope. Then, sample 
thickness was determined by the fringes of equal thickness, and mean particle diameter calculated the 
number density of the thing of the aluminum-Mn system compound which is 0.1-0.8 micrometers by the 
degree type among the intermetallic compounds all over the visual field range. 
[0015] 

[EqUati ° n 1 3 gggPO. 1-0. B^ngttg^jg) 

a_s c«/w > ttftKBxsiraiBiitt w > 

[0016] The Measuring condition of the corrosion current value of sacrificial anode material is as 
follows. As a reference electrode, a standard calomel electrode is used, brine is used 3.5% as the 
electrolytic solution, and it is 2 an area of 1cm at the temperature of 40 degrees C. The sample was 
measured in [ trace-speed 20 mV/min and rest potential measuring-time ] 5 minutes. Corrosion current 
values are the anode obtained by doing in this way, and a current value equivalent to the intersection (A 
or B of drawing 3 ) of a cathode biparite polar curve. The following approaches estimated the corrosion 
resistance of a sample, this invention composite sample and a comparison alloy composite sample are 
used as tube tubing by **** processing, respectively. The fin and the header plate of 1 .2mm of board 
thickness which consist these tube tubing of an aluminum-0.5%Si-0.2%Cu-1.0%Mn-2.0%Zn alloy of 
0 07mm of board thickness and which carried out corrugated processing, And the heat exchanger was 
produced using the side plate (4343 wax material, aluminum alloy composite which consists of core 
material 3003+0.15%Mg which carried out the clad of the aluminum- 1. 5 %Zn sacrificial anode material 
by a unit of 10% respectively). The erosion trial which makes the high-speed rate-of-flow liquid collide 
to a circulation corrosion test [ by the etching fluid of the following 2 type ] and tube plate sacrificial 
anode material side was carried out, and the maximum pitting depth generated from the sacrificial anode 
material side was measured. These results are shown in Table 2. 
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room <liquid condition of coirosion test> ** acidity side severe testing liquid type: -- tap > water 

ll OppmCu ion + 150 PP mCl ion; - P H3 test condition: - the cycle trial of 85 degree-Cx 10 hours, and 

room temperature x 1 4 hours is performed for five months. 

U3y side severe testing liquid type: - tap water + 200ppmCO32- ion + OppmCl ion; - pH9 test 
condition: - the cycle trial of 85 degree-Cx 10 hours, and room temperature x 14 hours is performed for 

-IrTofcorrosion-proof trial liquid type: - tap water +200ppmCO32- ion +5QppmCl ion; -- pHIO 
conSn: - diameter of nozzle: out of which testing-machine liquid comes - the 40 degree-Cxl week 
continuous corrosion test was performed by 2mmphi and vertical-distance: 5mm rate-of-flow 8 m/sec. 
from a nozzle to a sample. 
[0018] 
[Table 1] 

351 wt« 













Mg 
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No 


Zn 


Mn 
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Cu 


Mn 
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It 


0.8 


0.3 


Q.3 


1.4 


0.1 


*** 
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2.5 


as 


0.5 


0.3 


1.0 


0. 06 


ft« 
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3.0 


0.7 


0.5 


0.5 


1.0 


0.08 


VM 
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4 


16 


0.5 


0.8 


0.3 


1.2 


0.15 


VkM 




5 


3.5 


0.8 


0.8 


as 


1.0 


0.1 


mm 


m 


6 


4.0 


1.0 


0.8 


0.8 


L0 


0. 07 


WM 




7 


5.0 


1.2 


o;s 


0.8 


1.0 


0.1 


mm 




8 


3.0 


0.5 


0.5 


0.5 


1.0 


0.35 


mm 


it 


9 


2.0 




0.5 


as 


1.0 




mm 


m 


10 


2.8 


0.4 


0.7 


a 4 


1.0 




mm 



[0019] 
[Table 2] 
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*2 m^^vmm^ikm^ «a^<^-»*?L*R;s 



450 XZX3hr 



450 TtXShr 



440 t:x6br 



440 t:x3hr 



450 T:x3Lr 



450 X;x5br 



490 *CX7br 



430 TCX4hr 



450 X:x7hr 



590 <CX12br 



55012 xfihr 



480 r: 



520 



520 



490 r 



520 «C 



530 *C 



540 TC 



530 x: 



500 t; 



530 x: 



540 r 



a i ~ a 8 un 



.5 X10* 



2.4 X10* 



2.9 X10' 



tt&ftUSftf** 



20 



25 



10 



2.4 X10 # 



3.2 X10* 



3w4 X10 9 



3.5 X10« 



3.6 X10» 



1.5 xlO* 



1.8 XlO" 



10 



10 



10 



20 



20 



140 



70 



50 



(Mm) 



70 



70 



70 



50 



50 



60 



110 



120 



100 



60 



70 



50 



50 



50 



50 



130 



70 



70 



120 



(Aim) 



70 
70 



60 



70 



60 



40 



40 



40 



[0020] Also in which corrosion test of an acid environment and an alkaline environment, the pitting 
depth is 80 micrometers or less, and sample No. 1-8 of this invention composite secure the outstanding 
corrosion resistance so that clearly from Table 2. Furthermore, even when the liquid rate of flow in a 
tube is large the chemical dissolution of a front face which serves as an ongm of an erosion 
phenomenon etc. is controlled, and the maximum pitting depth is also 70 micrometers or less as a result, 
comparison sample No. in which an alloy presentation separates from the range of this invention on the 
other hand corrosion resistance is inferior in 9 and 10 by the acidity side and the alkalinity side test 
atmosphere, further, an erosion trial also advances notably and corrosion has come to generate a through 
tube for it As mentioned above, aluminum alloy composite sample by this invention acquires the 
outstanding corrosion resistance to which the sacrifice corrosion prevention ability which was excellent 
also in the corrosive environment not only an acidity side but by the side of alkalinity is secured to, and 
corrosion pitting does not advance over a long period of time so that clearly. Also in the environment 
where erosion tends [ furthermore ] to advance, it is hard to dissolve a sacrificial anode material front 
face chemically, and erosion-proof nature can solve the conventional problem and does remarkable 
effectiveness so on industry, such as being improved sharply. 

TEffect of the Invention] The corrosion prevention operation by sacrificial anode material is excellent as 
aluminium alloy composite for heat exchangers of this invention, and without growing deeply, pitting 
from the refrigerant side of a heat exchanger can show long-term pitting-proof nature, and can 
manufacture a heat exchanger with it. [ remarkable corrosion resistance and ] [ high ] 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to aluminum alloy composite of a three-tiered structure 
suitable as an ingredient of tube tubing which forms the refrigerant path of the heat exchanger which 
would stretch in more detail and was formed of law about aluminum alloy composite of the thin meat 
used for the heat exchanger for automobiles etc. 
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PRIOR ART 



pes^n ofThe Prior Art) 0^g£< £ tZ tSl) * ft. 

l,a SS emblesacore4andco m es^^^ 

through P^^^^^^i^Se aroL 0.1mm in thickness which carried out 
tUbl °? lS?heZn fSTSpSX % that shows a presentation unless it refuses says weight % 
extent addition of the ^W*P*™^m which made the alloy which added Mg etc. 

hereafter.) A brazing sheet with a thickness ; oi u.3 „ presentation inside the alloy core 

sacrificial -de -tenal f^molZT^ is used. The brazing sheet of 

SSni These brazins sheets are exposed to an about 580-6 10-degree C ambient atmosphere at the time 
[0003] These h °^"\' n d e " S is diff J es Zn in the above-mentioned sacrificial anode material in a core 
££C t£££S££Z* (b) oftam2 of (b) of d«2 is after .oldenng 
u J IS Since this Zn diffusion layer carries out priority corrosion, pitting generated from a 
«^f^^t^dtS^ but takes a shallow large pitting gestalt, and comes to show long- 
S S£j ^ nroornauire An aluminum-Zn system, an aluminum-Zn-Mg system, or the a uminum-M g- 
term pitting-proof the description which takes a shallow large pitting gestalt 

to contain, and *e tecta ,qu ^^^slimei, etc.). However, Mn in sacrificial anode material 
improved reinforcement (JP ^6-127194 .A ;^ 1 1 JJO/ ' ^ . to ** and does not a im at corrosion 

is for making P^^^S^JSTriSe" £ S WctoessVeduction accompanying the latest 
resistance improvement . ^cvtr by ™ ^ & t liquid rate of flow inside tube tubing 

lightweight-izing, ™*/ d ™ C ^^^^ effectiveness sufficient in the above 

is very quick compared with the former and is since a corrosio n rate is increased 

convention^ 

Sofa t^cX^^ ^ can -P° nd » *? ^ T^Jef 6r COrrOS, ° n r ™ 
^^osionListance or sacrifice anti-corrosiveness) is shown is demanded. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The corrosion prevention operation by sacrificial anode material is excellent as 
aluminium alloy composite for heat exchangers of this invention, and without growing deeply, pitting 
from the refrigerant side of a heat exchanger can show long-term pitting-proof nature, and can 
manufacture a heat exchanger with it. [ remarkable corrosion resistance and ] [ high ] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the 
aluminium alloy composite for heat exchangers which raised corrosion resistance further. The purpose 
of this invention aims it still more detailed to let the liquid rate of flow provide a lifting with pile heat 
exchange dexterous aluminium alloy composite for an erosion corrosion phenomenon in the tube of a 
heat exchanger quicker than before in the refrigerant side environment of a tube inside. 
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MEANS 



Means for Solving the Problem] In order that this invention persons may solve the above-mentioned 
ecSafprob torn as a result of repeating research wholeheartedly, after specifying Zn of sacrificial 
SS L the amount of Mn By controlling the particle size of the aluminum-Mn system 
compound m sacrificial anode material, and distribution The corrosion current value accompanying a 
Son prevention operation of sacrificial anode material can be reduced, and this cannot cause 
S 3osion easily under the large environment of the rate of flow. The function of sacnficial 
anode material is maintained for a long period of time, it finds out raising corrosion resistance sharp y 
and eettina research is further repeated in this knowledge, and it came to make this invention^ Tha is, 
this fnv ntlon s (1) Si. 0.3 - 1.2%, Cu 0.3 - 1.0%, Mn 0.5 - 2.0%, Mg The core material wtach contains 
0 05 0 ?% Id consists of the remainder aluminum and an unescapable impurity, Zn 2 0% is exceeded 
on eachof the one side, and they are 6.0% or less and 0.2 - 2.0% (% shows weight % above.) of Mn. It 
SiS and they are Remainder aluminum and aluminum alloy which consists of an unescapable 
ZSybaddition to this. And it is number density 2.0x109 about the alummum-Mn system 
Seta lie compound whose mean particle diameter is 0.1-0.8 micrometers. An individual / mm 
Se al anode material which consists of an aluminum alloy contained above The aluminum aUoy 
compos ite for heat exchangers characterized by coming to carry out the clad of the wax materia of the 
iSm-S system alloy containing Si of the specified quantity, (2) - the corrosion current value of 
sa7 acrificLl anode material - 40microA/cm2 The aluminium alloy composite for heat exchangers 
SvenTfl Herm^characterized by being the following is offered. [ and ] Suppressing low the corrosion 
dSS« (SSSS current) of sacrificial anode material according to this invention, the corrosion 
Sw^StoJoie material is carried out efficiently, and erosion can be controlled^ this invention, 
by LSng Ae magnitude of the aluminum-Mn system compound in sacnficial anode material, and 
dfsoKn it is effective in reducing the corrosion current value of sacnficial anode material 

and can be hard to cause erosion conosion for the inside of a tube also under the large 
grating environment of the rate of flow of flowing fluid by this, the function of ^enfi^ anode 
materia" can be maintained for a long period of time, and corrosion resistance can be raised sharply. 

[Embodiment of the Invention] The sacrificial anode material used in this invention is excellent in a 
concSoi^ ?res stance (self-corrosion resistance and sacrifice anti-corrosiveness) operation. Zn in 
° 0n0 r Z !^Zxer^\ exceeds 2 0%, and may be 6.0% or less. Corrosive environment enlarges [ Zn ] 
*TsS^ "nough also in any by the side of acidity or alkalinity, 

^ddmon oiL cannot maintain sacrifice corrosion prevention ability in an acid environment 
The add tion 01 z,n c di 6 Q% there i s a possibility that there may be a possibility that 

^^^^^^^^ p revention abiiity mainie r cQ f ectiv f eness s 

?al shSy environment, and ingredient melting may occur near ^the interface of sacrificial 
SlSffid^coic material depending on the temperature at the time of soldenng heating. Zn 

[Oot? Mn nX 4 0^^™^ aluminum-Mn system compound distribution, and acts on 
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solution of the problem of erosion corrosion. Mn is because there is a possibility of causing the problem 
of a weld flaw (micro fissure) or a poor bending processing dimension, at less than 0.2% when the 
above-mentioned effectiveness is not fully demonstrated, but exceeds 2.0% and tube tubing is 
manufactured by **** processing or bending soldering processing. In this invention, mean particle 
diameter of the aluminum-Mn system intermetallic compound in sacrifice material is set to 0.1-0.8 
micrometers, and it is that number density 2.0x109 An individual / mm3 Because this compound 
distribution out of range of the effectiveness which reduces the corrosion current accompanying the 
corrosion prevention of sacrificial anode material, and controls erosion corrosion is insufficient, it 
considers as the above. In this invention, by doing in this way, as mentioned above, a sacrifice material 
corrosion current value can be controlled more remarkably than the value of the conventional sacrificial 
anode material, and it can decrease. The electrochemistry measurement result of the sacrificial anode 
material of this invention is shown in drawing 3 as a mimetic diagram. From drawing 3 , by controlling 
distribution of an aluminum-Mn compound in the range of this invention shows that the so-called 
corrosion current equivalent to the intersection of an anode curve and a cathode curve decreases 
remarkably. The corrosion current value of sacrifice material is 40microA/cm2. If it is the following, the 
above-mentioned effectiveness will be demonstrated. A and B show the anode of the example of this 
invention, and the conventional example, and the intersection of a cathode biparite polar curve among 
drawing 3 , respectively, and this invention has this intersection in left-hand side from a dotted line C 
(equivalent to 40micro A/cm2 of currents). 

[0009] Next, the reason for a convention and the reason for limitation of the addition range of each 
element of a core material are explained. Si, Cu, and Mn dissolve in a matrix after soldering, and show 
the improvement operation in on the strength. Si may be 0.3 - 1.2%. At less than 0.3%, the improvement 
effectiveness in on the strength does not have Si addition, and if 1.2% is exceeded, deep pitting by the 
simple substance Si will be caused. The addition of Si is 0.7 - 1.0% preferably. 

[0010] Cu addition is made into 0.3 - 1.0%. At less than 0.3%, there is no improvement effectiveness in 
on the strength, and since Cu will be mostly spread in a sacrificial anode material side if 1.0% is 
exceeded, the function of sacrificial anode material will be spoiled. Moreover, there is a possibility of 
causing weld cracking at the time of**** processing. In addition, Cu addition is 0.4 - 0.8% preferably. 
Making Mn addition into 0.5 - 2.0% because the problem to which workability falls will occur, if there 
is no improvement effectiveness in on the strength and 2.0% is exceeded, it is 0.8 - 1 .5% preferably at 
less than 0.5%. 

[001 1] Mg contributes a Mg2 Si compound to the improvement in on the strength by carrying out an 
aging deposit with Si of a core material. At less than 0.05%, there is no effectiveness of the 
improvement in on the strength, Mg is spread on the wax material side front face which will exceed 
0.5% and carried out the clad to one side of a core material at the time of heating, and when flux is used, 
a possibility of it reacting with this, and I shining and generating a defect comes out. It may be 0.1 - 
0.3% preferably. As wax material in this invention, there is especially no limit, for example, it can use 
JIS [ of an aluminum-Si system ]4343, and JIS4045 alloy, JIS4004 alloy, etc. 
[0012] Such heat exchanger aluminium alloy composite can be prepared as follows. Control of the 
aluminum-Mn system intermetallic-compound distribution in sacrificial anode material is realizable by 
performing homogenization temperature before sacrificial anode material rolling at 420-520 degrees C. 
It is difficult to equalize an ingot organization at less than 420 degrees C. In carrying out exceeding 520 
degrees C, big and rough-ization of a compound becomes active, and it becomes difficult to carry out 
distribution as the above-mentioned convention of this invention. The holding time in the above- 
mentioned temperature has 3 - 9 desirable hours. Not only the homogenization temperature of sacrificial 
anode material but a convention of the clad rolling initiation temperature which is a process after that is 
important, and clad temperature is good to carry out at 420-520 degrees C. There is a possibility that the 
phenomenon in which sacrificial anode material separates [ this temperature ] from a core material at 
less than 420 degrees C at the time of clad rolling may come out. Although there is no problem of poor 
clad sticking by pressure when carrying out exceeding 520 degrees C, it becomes difficult to satisfy 
compound distribution of the sacrificial anode material specified by this invention. In addition, cold 
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r^nino and esneciallv intermediate-annealing conditions are not limited. 

00131 atmtnum alloy composite of this invention can be used also for the header plate of a radiator 
Les Itlsl^ZXuhZbm&m addition if it is the same as that of the purpose of thus mventioi, rt- can 
SJ De U se?also as the tube seat of what kind of member, for example, a heater core or a DORON cup 
fully be used also as s inc aluminium alloy composite of this invention, although especially a 
S"avf* ^SSSZSm ano'de material, 8 - 20% is desirable to all composite 
hmit does nox nave u desirable. Moreover, the rate of a clad of wax 

^S^X^^ Conventional thing, but is usually 8 - 12% preferably 5 to 
"sJSrilSSosites. AlLugh the thickness of the heat exchanger aluminium al oy composite of this 

nvenUon changes with classes of an application and heat exchanger etc., ,t is usually 0.2-0.4mm. 
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EXAMPLE 



[Example] Next, this invention is further explained to a detail based on an example. 
Metal mold casting cast ten kinds of combination alloys of the sacrificial anode material of a 
presentation, and a core material shown in example 1 table 1, sacrificial anode material homogenized 
after double-sided facing respectively on the conditions shown in Table 2, and 40mm was made to 5 mm 
in thickness, and a core material only by facing with hot rolling. That is, it was made for the rate of a 
clad to the whole (for wax material to also be included) composite of sacrificial anode material to 
become 1 0%. In addition, comparison sample No.l 1 in Table 2 are completely the same as that of 
sample No.2 of this invention except having changed homogenization of sacrificial anode material like a 
notation in alloy No.2 of this invention. Using JIS4343 alloy, metal mold casting of the wax material 
was carried out like sacrificial anode material, and after facing, it performed hot rolling and was taken as 
5mm thickness. That is, the rate of a clad to the whole composite was made into 10%. Hot rolling was 
started on the conditions which show repeatedly three sheets, wax material, a core material, and 
sacrificial anode material, in Table 2 at this order, and it considered as the clad plate with a thickness of 
3.5mm of three layers. It considered as 0.29mm thickness with cold rolling after that, and intermediate 
annealing of 340 degree-Cx 2 hours was given, and, finally it cold-rolled to 0.25mm in thickness, and 
considered as the sample of H14 material. About aluminum-Mn system intermetallic-compound number 
density with a mean particle diameter [ in sacrificial anode material ] of 0.1-0.8 micrometers, the flake 
was perpendicularly cut [ samples / these ] down to the rolling direction by the precision cutter 
(microtome equipment), and it measured with the transmission electron microscope. Then, sample 
thickness was determined by the fringes of equal thickness, and mean particle diameter calculated the 
number density of the thing of the aluminum-Mn system compound which is 0.1-0.8 micrometers by the 
degree type among the intermetallic compounds all over the visual field range. 
[0015] 

[Equation 1] ggd_a_o^ i~o. Binngttgggjg) 

d/mm' ) = iii^iSefflitt (mm* ) 

[0016] The Measuring condition of the corrosion current value of sacrificial anode material is as 
follows. As a reference electrode, a standard calomel electrode is used, brine is used 3.5% as the 
electrolytic solution, and it is 2 an area of 1cm at the temperature of 40 degrees C. The sample was 
measured in [ trace-speed 20 mV/min and rest potential measuring-time ] 5 minutes. Corrosion current 
values are the anode obtained by doing in this way, and a current value equivalent to the intersection (A 
or B of drawing 3 ) of a cathode biparite polar curve. The following approaches estimated the corrosion 
resistance of a sample, this invention composite sample and a comparison alloy composite sample are 
used as tube tubing by **** processing, respectively. The fin and the header plate of 1.2mm of board 
thickness which consist these tube tubing of an aluminum-0.5%Si-0.2%Cu-1.0%Mn-2.0%Zn alloy of 
0.07mm of board thickness and which carried out corrugated processing, And the heat exchanger was 
produced using the side plate (4343 wax material, aluminum alloy composite which consists of core 
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material 3003+0.15%Mg which carried out the clad of the aluminum- 1.5%Zn sacrificial anode material 
by m it of 10% respectively). The erosion trial which makes the high-speed rate-of-flow hquid coll de 
to a SSton ««ii«n test [ by the etching fluid of the following 2 type ] and tube plate sacrificial 
InodeCenal side was carried out, and the maximum pitting depth generated from the sacrificial anode 
material side was measured. These results are shown in Table 2. 

m^t^Toltion of corrosion test> ** acidity side severe testing .quid type: -- tap water 

ll OppmCu ion + 150ppmCl ion; - pH3 test condition: - the cycle trial of 85 degree-Cx 10 hours, and 

^ar + 200ppmCO32- ion + 50ppmCl ion; 
condition" ~ me cycle trial of 85 degree-Cx 10 hours, and room temperature x 14 hours is performed for 

-losTofcorrosion-proof trial liquid type: - tap water + 200ppmCO32- ion +50ppmCl ion; -- pHIO 
condTtr-- diameter of nozzle: out of which testing-machine liquid comes - the 40 degree-Cx 1 week 
confinuous corrosion test was performed by 2mmphi and vertical-distance:5mm rate-of-flow 8 m/sec. 
from a nozzle to a sample. 
[0018] 
[Table 1] 
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No 


Zn 


Hart 

Mn 


S i 


Cu 


mm 

Mn 


Mg 


Al 
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0.1 
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*m 
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0.7 
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L0 


0.08 
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a is 


nm 
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0.8 
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1.0 


a 07 
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1 0 


18 
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a4 


1.0 







[0019] 
[Table 2] 
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[0020] Also in which corrosion test of an acid environment and an alkaline environment, the pitting 
depth is 80 micrometers or less, and sample No. 1-8 of this invention composite secure the outstanding 
corrosion resistance so that clearly from Table 2. Furthermore, even when the liquid rate of flow in a 
tube is large, the chemical dissolution of a front face which serves as an origin of an erosion 
phenomenon etc. is controlled, and the maximum pitting depth is also 70 micrometers or less as a result, 
comparison sample No. in which an alloy presentation separates from the range of this invention on the 
other hand — corrosion resistance is inferior in 9 and 10 by the acidity side and the alkalinity side test 
atmosphere, further, an erosion trial also advances notably and corrosion has come to generate a through 
tube for it. As mentioned above, aluminum alloy composite sample by this invention acquires the 
outstanding corrosion resistance to which the sacrifice corrosion prevention ability which was excellent 
also in the corrosive environment not only an acidity side but by the side of alkalinity is secured to, and 
corrosion pitting does not advance over a long period of time so that clearly. Also in the environment 
where erosion tends [ furthermore ] to advance, it is hard to dissolve a sacrificial anode material front 
face chemically, and erosion-proof nature can solve the conventional problem and does remarkable 
effectiveness so on industry, such as being improved sharply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] The front view and (b) which show an example of the radiator of the former [ (b) ] are the 
A-A line sectional view of (b). 

[Drawing. 2] It is the explanatory view of the diffusion condition to the inside of the core material of Zn 
in sacrificial anode material, and (b) shows soldering before and (b) shows the soldering back. 
[Drawing 3] It is the graph which showed the electrochemical measurement result of the sacrificial 
anode material of this invention by the comparison with the conventional thing. 
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DRAWINGS 

[DrawngJ] 





[Drawing 2] 
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